SPECIFICATION 



1 . Title of the Device 

ELECTRICALLY CONDUCTIVE SHEET WITH GAS INTERCEPTION 
PROPERTY 

2. Utility Model Claim 

(1) An electrically conductive sheet with gas 
interception property, comprising carbon paper or carbon 
cloth impregnated with an electrically conductive 
fluorocarbon resin, and an electrically conductive 
fluorocarbon resin film having a periphery of larger 
dimensions than those of said carbon paper or carbon 
cloth on which said resin film is laminated, 
characterized in that the peripheral portion of said film 
is folded so that it covers said periphery of said carbon 
paper or carbon cloth. 

3. Detailed Description of the Device 

The present device relates to an electrically 
conductive sheet with gas interception property. 

In a fuel cell, mutual single cells are 
electrically connected in series and diaphragms are 




required for intercepting the fuel gas between the mutual 
single cells; in addition to gas interception property 
and electrical conductivity, it is required for the 
diaphragm to have such properties as chemical resistance 
to an electrolyte matrix, heat resistance, mechanical 
strength and the like. 

A metal plate or a carbon plate has been 
conventionally used for the diaphragm, but there is a 
disadvantage that the metal plate is inferior in chemical 
resistance, or a specific plate having an excellent 
chemical resistance is expensive, and there is a 
disadvantage that the carbon plate is inferior in the 
mechanical strength (cracked readily). 

The electrically conductive sheet with gas 
interception property in accordance with the present 
device can provide an excellent diaphragm in any one of 
the above properties, and has a constitution 
characterized in that carbon paper or carbon cloth 
impregnated with an electrically conductive fluorocarbon 
resin is laminated with an electrically conductive 
fluorocarbon resin film having a periphery of larger 
dimensions than those of the carbon paper or carbon cloth, 
and the peripheral portion of the film is folded in a way 
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that it covers the periphery of the carbon paper or 
carbon cloth. 

The present device is described by way of the 
drawings as below: 

Fig.lA shows a top view of the sheet of the present 
device, and Fig. IB shows a sectional view along the line 
b-b in Fig.lA, respectively. 

In Fig.lA and Fig. IB , 1 designates carbon paper or 
carbon cloth impregnated with an electrically conductive 
fluorocarbon resin (hereinafter, referred to as a carbon 
cloth impregnated with an electrically conductive 
fluorocarbon resin) obtained by impregnating carbon paper 
or carbon cloth with an electrically conductive 
fluorocarbon resin dispersion and sintering the 
impregnated dispersion. 2 designates an electrically 
conductive fluorocarbon resin film with a periphery of 
larger dimensions than the carbon cloth 1 impregnated 
with an electrically conductive fluorocarbon resin; the 
resin film 2 is laminated with the above carbon cloth 1 
impregnated with an electrically conducive fluorocarbon 
resin at one surface and the peripheral portion 21 of the 
film is folded in a way that it covers the periphery of 
the carbon cloth 1 impregnated with an electrically 
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conductive fluorocarbon resin. 3 denotes also carbon 
cloth impregnated with an electrically conductive 
fluorocarbon resin, which is laminated on the other 
surface of the electrically conductive fluorocarbon resin 
film 2. 

The contact surfaces of the electrically conductive 
fluorocarbon resin film 2 with the carbon cloths 1 and 3, 
which are both impregnated with an electrically 
conductive fluorocarbon resin, are integrally adhered 
through thermal fusion respectively. 

The above carbon cloth is made by weaving a carbon 
fiber, and the carbon paper is obtained by carding a 
carbon fiber to form a sheet of paper; commercially 
available products of them include, for example, as 
expressed by trade names, Toreca manufactured by Toray 
Industries, Inc., CE30 or CXO-100 manufactured by UNITIKA, 
Ltd., SH35 manufactured by NIPPON CARBON CO., LTD., or 
Besphite manufactured by Toho Rayon Co., Ltd. 

As the electrically conductive fluorocarbon resin 
dispersion for impregnating the carbon paper, an aqueous 
dispersion is used containing a powder of fluorocarbon 
resin such as polytetraf luoroethylene (hereinafter 
referred to as PTFE), tetraf luoroethylene- 
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hexaf luoropropylene copolymer (hereinafter referred to as 
FEP) and the like, in which an electrically conductive 
powder such as carbon, graphite and the like are 
dispersed. The formulating ratio of the fluorocarbon 
resin powder and the electrically conductive powder in 
the dispersion is determined depending on the kind, 
particle size and the like of the fluorocarbon resin 
powder or the electrically conductive powder, but usually 
80 to 200 parts by weight of the electrically conductive 
powder is formulated to 100 parts by weight of the 
fluorocarbon resin powder. Further, it is preferable in 
view of impregnation of the dispersion in the carbon 
paper that the concentration of solid matter in the 
dispersion is adjusted to about 20 to 50% by weight. 

Practically, a film of from about 30 to 100 H in 
thickness and having a volume resistance of 100Q # cm or 
less is used as the electrically conductive fluorocarbon 
resin film. The fluorocarbon resin for making the film 
is not specifically limited, and there can be used PTFE , 
FEP, an ethylene- tetraf luoroethylene copolymer, a 
tetraf luoroe thy lene - perf luoroalkyl vinyl ether copolymer, 
and the like. Any of a product prior to calcination or a 
calcinated product can be used as the electrically 
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conductive fluorocarbon resin film; however, in the case 
when a fluorocarbon resin film which has not been 
calcinated is used, it is preferable that the 
fluorocarbon resin film is subjected to calcination 
either during or after its lamination with carbon paper, 
as it will provide an electrically conductive sheet with 
high degree of mechanical strength. 

When the electrically conductive sheet shown in the 
above-mentioned Fig.lA and Fig. IB is brought in contact- 
with an electrode plate of a fuel single cell using the 
folded face 20 of the electrically conductive 
fluorocarbon resin film 2 as a seal face (fusion adhesion 
seal), even if the carbon cloth 1 impregnated with an 
electrically conductive fluorocarbon resin has a gas 
permeability to a certain degree, because the cloth 1 is 
covered by the electrically conductive fluorocarbon resin 
film 2 in both of the thickness direction and the surface 
direction, the fuel gas of the single cell can be surely 
intercepted due to the excellent gas interception 
property of the film 2. Moreover, since the cloths 
impregnated with an electrically conductive resin, which 
are obtained by impregnating carbon cloths 1 and 3 with 
an electrically conductive resin, are excellent in 
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electrical conductivity, an excellent electrical 
conductivity is attained in the thickness direction of 
the whole of the electrically conductive sheet, even if 
the electrically conductive fluorocarbon resin film is 
not sufficiently high in electrical conductivity. 
Consequently electrical connection between single cells 
can be accomplished with remarkably low resistance. 

In addition, it is needles to say that chemical 
resistance, thermal resistance and mechanical strength 
are excellent . 

Fig. 2 shows another Embodiment of the present 
device where bi-directional gas interception (indicated 
by arrows N and S) is provided, while in the first 
Embodiment shown in Fig.l, a single directional gas 
interception property is provided (indicated by arrow S 
in Fig.l). In Fig. 2, the electrically conductive 
fluorocarbon resin films are denoted by 2 and 2, and the 
carbon cloths impregnated with an electrically conductive 
fluorocarbon resin are denoted by 1 and 1, respectively. 

In Figs. 1A and IB and Fig. 2, the ratio of total 
thickness of the electrically conductive fluorocarbon 
resin films to total of the carbon cloths impregnated 
with an electrically conductive fluorocarbon resin is 
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usually from 10:1 to 3:1. 

The present device is described in more detail by- 
way of preferred Examples . 

Examples 

Carbon paper of 0.3 mm in thickness (Trade Name 
"Besphite" manufactured by Toho Rayon Co., Ltd.) was 
immersed into an aqueous dispersion (solid matter content 
30% by weight) prepared by formulating 150 parts by (■ 
weight of carbon powder to 100 parts by weight of un- 
calcinated PTFE powder, then the carbon paper was drawn 
out after to which the dispersion had been impregnated 
and dried for 5 minutes at room temperature. 

Then the carbon paper is heated for 30 minutes at 
lOO'C for removal of water. 

Then PTFE is calcinated for 5 minutes at 390*0 and 
thus carbon paper impregnated with an electrically 
conductive fluorocarbon resin was obtained. 

Apart from the above, 150 parts by weight of carbon 
was formulated to 100 parts by weight of un-calcinated 
PTFE powder, and the resultant was molded into a film and 
heated at 390*C for calcinations, thereby an electrically 
conductive fluorocarbon resin film of 80 li in thickness 
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is obtained. 

Both the length and width of the electrically 
conductive fluorocarbon resin film were made to be 10 mm 
larger than those of the carbon paper impregnated with an 
electrically conductive fluorocarbon resin. 

The carbon paper impregnated with an electrically 
conductive fluorocarbon resin was laminated with the 
electrically conductive fluorocarbon resin film by means 
of a hot press at 390*0 in such a way as shown in Figs. 
1A and IB and then was subjected to a folding process and 
maintained under the pressure of 25 kg/cm 2 for 30 minutes. 

The volume resistance of the electrically 
conductive sheet thus obtained was measured and the 
result was 0.3 Q-cm. In addition. Gas interception is 
measured and no gas permeation is observed. 

Herein, the volume resistance was measured 
according to ASTM 257 and gas interception was measured 
using a gas permeation testing equipment (Rika Seiki 
Kogyo Co. Ltd., Gas Permeation Measuring Equipment Single 
A Type ) . 

4 . Brief Description of the Drawings 

Fig.lA is an explanatory top view showing an 
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electrically conductive sheet material of the present 
device. Fig. IB is an explanatory cross-sectional view 
taken along line b-b in Fig.lA, and Fig. 2 is an 
explanatory cross -sectional view showing another 
embodiment of the present device . 

In the Figs., the numeral 1 denotes carbon cloth 
impregnated with an electrically conductive fluorocarbon 
resin, the numeral 2 denotes an electrically conductive 
fluorocarbon resin film, and the numeral 21 denotes a 
peripheral portion of the film. 
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